With the operational air fleet aging, corrosion has come to the forefront as a serious problem. Eddy current techniques are capable of detecting how much of the aluminum airplane skin has been removed, and therefore, can detect corrosion only in its advanced stages. A detector which can detect corrosion early on is preferable, since damage can potentially be circumvented, and corrosion related failure would then be greatly reduced.
If the gradient of the field, instead of the field itself is detected, the gradient is not as susceptible to orientational changes of the detector as the field. In addition, most magnetic field noise background sources (such as earths' field) have much less contribution in the gradient than in the field components. It is of interest, therefore, to develop a fiber optic magnetic field gradient sensor capable of detecting signals arising from active corrosion sites just below the surface on which it rests.
APPROACH
Our approach is to configure the transducers of a fiber optic magnetic gradiometer to be extremely thin, and, therefore, placed close to the surface under which corrosion is to be sensed. The method of detection of the magnetic field gradients is described elsewhere1, and has been under development since 1986. The magnetic gradiometer uses interferometry to common mode reject the magnetic field at two locations, and thereby detect the field gradient. Previously, we have employed use of cylindrical geometry for each of the two magnetic transducers. For corrosion detection the transducers are planar, and, as a: result can be quite flat and thin. Each transducer is fabricated by attaching a number of passes~f single mode optical fiber to a piece of magnetostricti ve foil known as :METGLAS (BI. This material strains when the applied magnetic field changes, and thus strains the fiber attached to it. The fibers comprise the "legs" of an optical interferometer, which will detect a change in the difference of the optical path length (length of fiber affixed to the :METGLAS) in each "leg". This difference is proportional to the magnetic field of the sensed field component of each of the transducers across their separation distance.
The Mach Zehnder type fiber optic interferometer is shown in Figure 1 for the generic case, the vector field case, and the gradient case. Since the output of the interferometer is proportional to the difference of the path length change between two legs of the interferometer, placing a transducer in each leg common mode rejects the field and detects only the gradient.
The transducers are fabricated by attaching several passes of fiber to the planar METGLAS strips. The fiber is "tacked" at each end of the strip by five minute epoxy. Before fabrication, the METGLAS strips are annealed to enhance their magnetostrictive response. The transducer is then placed in the macor mandrei, covered with plastic and the bias solenoid is wound around the manc!re!. These steps are shown successively moving to the left across Figure 2 . A elose up of the finished transducer and solenoid assembly is shown in Figure 3 . Great care is taken to minimize the thickness of the transducer. The one shown in Figure 2 has a total thickness of 0.099 inch. The two transducerlbias solenoid assemblies are stacked vertically as shown in Figure 4 . In this figure, the fiber is normal to the plane of the paper, and the detector is configured to sense the gradient of the field component normal to the paper with respect to the coordinate separating the two transducers. The detector is then assembled, taking care not to damage the optical fibers. The interferometer is spliced together by fusion splicing, to afford maximum light throughput, and splice strength. The assembled detector is energized and balanced 2 , following which it is evaluated. The following scheme is devised for evaluating the performance of the detector. A thin wire is taped to a smooth flat surface and the detector then placed on top of the wire. A slowly varying current of known value is then conducted through the wire. The detector response to this known current is then measured. The setup for this procedure is shown in Figure 5 . In order to operate the detector as a gradiometer device, it must fIrst be balanced to common mode reject the fIeld. The riforous theoretical and mathematical details of the procedure are presented elsewhere. 3 , If the sensor is unbalanced, then the fIeld will not be common mode rejected, and the main component of the output signal will be the fIeld. When balanced, the detector does common mode reject the fIeld and, therefore, the main component of the output signal is the gradient. Balance can be confmned in the following way. A bar magnet whose dipole vector is parallel to the METGLAS strips and to the fibers attached to them is slowly moved past the detector in a vertical path.
The response of the detector is plotted with time, and its shape inspected. An unbalanced detector will respond like a dipole field, with a single "hump". Since the vertical path through which the bar magnet passes is essentially the differentiation coordinate of the gradiometer, the time plot of a balanced sensor will yield the derivative of the plot when the sensor is unbalanced, or the field gradient. The geometry as weIl as examples iIlustrating balance and unbalance are shown in Figure 6 . The balanced sensor, since it is the gradient of a single "hump" will have two "humps", one positive and one negative, and will be zero in the center.
The magnetostrictive response ofthe METGLAS is non-linear. This means that over a modest range of field strength the strain E is given by (1) where Cis a constant, L is the length of fiber affixed 10 the METGLAS, and His the total field strength experienced by the transducer. If His represented by Ho, a DC term and an applied "dither" at frequeney ro of heosrot, then By trigonometrie identity, 
Note that the amplitude of the cosrot tenn contains the DC field Ho. The important result is that the DC field Ho which represents the corrosion current, is effectively "up converted" to a conveniently chosen frequency ro, wh ich is weIl away from the low frequency noise. In practice, a suitable dither frequency is selected to maximize sensor perfonnance. This is typically from 2-45 KHz. The output of the sensor is then detected phase sensitively at ro by a lock in amplifier. The output of the amplifier is then fed to a spectrum analyzer. The time trace is used to determine balance as described above, and the frequency trace used to determine the effective noise level.
RESULTS
The detector was placed over the wire and then balanced with no current in the wire. This balance is shown at the left of the spectrum analyzer time trace photo in Figure  7 . The proper shape of the balanced sensor is demonstrated. next a small current of 7.3 ma rms at 0.3 Hz is conducted through the wire. The detector response to this signal is seen at the right of Figure 7 . The entire time span covered in the figure is 50 seconds.
The response of the sensor was then averaged. The low frequency noise spectrum after averaging is shown in Figure 8b . Figure 8a shows the time trace of the output signal during an average. The signal is the same as that shown at the right in Figure 7 , but has been amplified. The peak in Figure 8b occurs at 0.3 Hz and is approximately 36.4 dBV above the noise. The marker is at the position on the spectrum used to estimate the noise in the immediate vicinity of the signal. The noise level being 36.4 dBV below the 7.3 ma nns signal peak is placed at 110 f.la nns. This then is the minimum detectable signal at the median plane of the gradiometer, which is -0.13 inch above the surface.
Literature values for field gradients due to corrosion currents place these currents at from 1 to 5 f.la at the same distance above the corrosion site. 5 We, therefore, need an additional factor of 20 to 100 in sensitivity.
FUTURE PLANS
It may be possible to increase the sensitivity of the detector by modifying the transducer fabrication process, the mutual inductance shielding for the transducers, and the transducer shaping and configuration. The perfonnance achievable could be pinned down, and the uItimate applicability of this technology determined. We plan to carry out these modifications later in 1991. 
SUMMARY
This paper addresses the work performed to investigate the applicability of fiber optic magnetic detection technology to detect the minute magnetic fields arising from currents at active corrosion sites. This technology was "inverted" to detect small magnetic signals at very dose ranges corresponding to corrosion taking place under airplane skins. The sensors were reconfigured to allow dose proximity to the "current" simulating the corrosion. Initial testing yielded a noise level of 100 Ila rms at a distance of 0.3 inch above the surface. This performance is within "" 1 order of magnitude of that required to detect the fields from corrosion currents reported in the literature.
